Introduction

B
iodegradable polymeric matrices have been of great interest for decades as temporal support materials for tissue engineering applications.
1,2 A three-dimensional (3D) matrix such as a porous scaffold or hydrogel can provide a substrate for cell adhesion and in-growth to form an engineered tissue at a defect site of injured tissue. 3 Synthetic biodegradable polymers such as poly(D,L-lactide-coglycolide) (PLGA) have been popularly used for producing porous scaffolds, due to several advantages, including biocompatibility, biodegradability, and easy processability. 4, 5 A highly open porous structure is desirable to facilitate the seeding of cells into the inner space of the matrix, to enhance mass transports of oxygen and nutrients including soluble signaling factors, to induce in-growth of blood vessels, and to recruit other necessary cells for a series of tissue regeneration processes.
Adipose tissue engineering has been on intensive research for soft tissue reconstruction and augmentation purposes. 6, 7 For replacement and reconstruction of a defected tissue from trauma, tumor resection, and congenital abnormalities, autologous cell transplantation has emerged as a useful strategy to overcome the limitations of using conventional space-filling materials (e.g., collagen) that often elicited undesirable immunological problems and low efficacy due to rapid degradation. 8 For successful adipose tissue regeneration, autologous cell transplantation still requires suitable biocompatible support materials to maintain sufficient tissue volume and strength for an extended period. It was previously reported that implantable 3D scaffolds made of PLGA, hyaluronic acid, and chitosan were seeded with preadipocytes to form engineered adipose tissues in vivo. [9] [10] [11] For soft tissue regeneration, however, injectable scaffold materials that can be administered using a syringe are highly favorable over implantable scaffold materials for cosmetic purposes to prevent scar formation by surgical procedures.
Recently, biodegradable microspheres have attracted interests as injectable scaffold materials for tissue engineering applications. 12, 13 The advantages of microspheres are their easy administration by a minimally invasive procedure, bypassing the need of a surgery process often required for implantable 3D scaffolds. Nonporous PLGA microspheres were previously used for attaching mesenchymal stem cells on the surface for implantation into an animal model, resulting in the formation of functional adipose tissue in vivo. 12 Various natural and synthetic microspheres can also be used as microcarriers for cell cultivation ex vivo before implantation. Suspension culture of anchorage-dependent cells on microcarrier beads made of dextran, polyesters, collagen, and alginate in a 3D bioreactor allows the expansion of the cells in a large scale while maintaining their phenotypes for a long culture period. [14] [15] [16] [17] Recently, we prepared highly porous PLGA microsphere scaffolds with a size of *200 mm and pores of *30 mm by a gas foaming process and utilized them as suspension culture carriers for cultivation of Department of Biological Sciences, Korea Advanced Institute of Science and Technology, Daejeon, Republic of Korea.
chondrocytes. 18, 19 The cultured microsphere-chondrocyte constructs showed high potentials for injectable cell therapy for cartilage regeneration.
Anchorage-dependent animal cells often associate by themselves to form large aggregates in suspension culture. 20, 21 It is also well known that hepatocytes were aggregated to form a few hundred micrometer-sized spheroids. 22 The size of cell aggregates, however, was hard to control by exploiting only the cell-cell interactions under the shearstressing suspension cultivation condition. When micronsized substrate materials were used as cell seeds for bridging between the cells, cell-substrate interactions could play a more important role in producing more tunable cell aggregates, besides the cell-cell interactions.
In this study, porous PLGA microspheres with sizes of *50 mm were used as buoyant cell seed materials to form controlled cellular aggregates in suspension culture. Preadipocyte cells were attached onto the surface of porous microspheres and subsequently induced for controlled cell aggregation for facile injectable cell therapy. It was hypothesized that biodegradable porous microspheres would enhance the viability and differentiation of preadipocytes in the cellular aggregate state mainly due to their favorable hydrodynamic behavior in a shear-stressing suspension culture condition, as compared to the conventional nonporous microspheres. The cultured cellular aggregates were injected in an animal model to assess the formation of adipose tissue in vivo.
Materials and Methods
Materials
3T3 L1 preadipocyte cells were obtained from the Korea Cell Line Bank (Seoul, Korea). PLGA (lactide=glycolide molar ratio, 75=25; average molecular weight, 10,000) was purchased from Wako Pure Chemical Industries (Tokyo, Japan). Pluronic F127 [(PEG) 99 (PPG) 69 (PEG) 99 ] (Mw 12,600) was obtained from BASF (Ludwigshafen, Germany). Polyvinylalcohol (PVA; 88% hydrolyzed, Mw 13,000-23,000) was from Sigma (St. Louis, MO). Dulbecco's modified Eagle's medium (DMEM) containing 4.5 g=L glucose, and fetal bovine serum (FBS) was obtained from Gibco (Gaithersburg, MD). All other chemicals were of analytical grade.
Preparation of porous and nonporous microspheres
Porous PLGA microspheres were prepared by a porogen leaching-phase separation process in an oil-in-water (O=W) emulsion method. 23 A blend mixture of Pluronic F127 (700 mg) and PLGA (300 mg) was dissolved in 3 mL of methylene chloride, and the polymer solution was emulsified in 100 mL of 0.5% (w=v) PVA with a homogenizer at 1500 rpm for 90 s. For solvent evaporation, the emulsion was placed in a hood under magnetic stirring condition. For nonporous microspheres as a control, 500 mg of PLGA was dissolved in 10 mL of methylene chloride and stirred in 200 mL of 1% (w=v) PVA at 300 rpm using an overhead propeller for 4 h. The resultant microspheres were centrifuged, washed three times with deionized water, and freezedried. Pluronic F127 was thoroughly removed from porous PLGA microspheres by extensive washing with deionized water to minimize its effect on cell growth. Scanning electron microscopy (SEM) (Philips 535M, Eindhoven, The Netherlands) was used for observing the morphology of the microspheres. Average sizes of microspheres and surface pores were determined from the SEM images using the Image J software (U.S. National Institute of Health, Bethesda, MD). Data were expressed as mean AE SD (n ¼ 100).
Formation of cellular aggregates and in vitro differentiation
Cellular aggregates were formed by a dynamic suspension culture method. 19 The culture parameters, such as microsphere amount, cell number, medium volume, shaking frequency, and incubation time, were preoptimized from preliminary cell cultivation experiments. To comparatively evaluate the ability of porous and nonporous microspheres for producing cellular aggregates, different weights of porous and nonporous microspheres were used, by considering their big difference in bulk density, to maintain almost the same number of microspheres for cell adhesion. To determine the relationship between weight and number, 1 mg of porous or nonporous microspheres was directly counted under an optical microscope (*101,380 for porous microspheres and *9650 for nonporous microspheres). Porous and nonporous microspheres were sterilized by immersing in 50% ethanol at À208C for 30 min, and washed three times with deionized water and once with DMEM containing 100 U=mL penicillin and 100 mg=mL streptomycin. Two mg of porous or 20 mg of nonporous microspheres suspended in DMEM was added to 60 mm polystyrene tissue culture dishes coated with 0.5% (w=v) agarose. 3T3 L1 cells ( 2Â10 6 ) were inoculated into the culture dishes including or not including (for control) the microspheres, and DMEM was added up to 4 mL. The suspension was cultured in a CO 2 incubator with intermittent shaking every 30 min for a total of 5 h. The intermittent shaking was performed by gentle agitation manually for 1 min. The suspension was then transferred to a 50 mL spinner flask (Wheaton Science Products, Millville, NJ) and cultured in DMEM containing 10% FBS, 100 U=mL penicillin, and 100 mg=mL streptomycin with stirring at 50 rpm for 2 days. For 3D differentiation, the resultant aggregates were cultured in an 100 mL spinner flask (Bellco, Vineland, NJ) with adipogenic medium (DMEM containing 10% FBS, 100 U=mL penicillin, 100 mg= mL streptomycin, 1.7 mM insulin, 0.5 mmol=mL 3-isobutyl-1-methylxanthine, and 1 mM dexamethasone) or control medium (DMEM containing 10% FBS, 100 U=mL penicillin, and 100 mg=mL streptomycin) at 50 rpm for 14 days. Larger spinner flasks were used to apply high shear to the aggregates while keeping them to float within the suspension solution during the culture period. Culture medium was changed every 2 days. As a control, cells were also cultured by monolayer in polystyrene tissue culture plates with control or adipogenic medium.
Microscopic observations
The cellular aggregates were visualized by confocal microscopy. Live and dead cells were stained with solutions of 2 mM calcein AM and 4 mM ethidium homodimer (Molecular Probes, Eugene, OR), respectively, and observed under a laser scanning confocal microscope (LSM 510; Carl Zeiss, Jena, Germany). To evaluate differentiation, the cellular aggregates were fixed in 2% paraformaldehyde solution for phosphate-buffered saline solution for 10 min. Then the cellular aggregates were incubated in a solution of 1% (w=v) bovine serum albumin and 1% (v=v) donkey serum for 1 h, and then with guinea pig antiperilipin (Fitzgerald Industries International, Concord, MA) for 6 h, followed by Cy5-conjugated antiguinea pig antibody ( Jackson ImmunoResearch Laboratories, West Grove, PA) for 4 h. Finally, the aggregates were stained with 1 mg=mL BODIPY 493=503 (Invitrogen, Carlsbad, CA) that stains lipid components within adipocytes and 6.6 mM rhodamine-phalloidin (Invitrogen) to stain the cytoskeletal actin for 1 h, and observed under a laser scanning confocal microscope (LSM 510).
Biochemical analyses
Cell viability was assessed using a cell counting kit (CCK-8; Dojindo Laboratories, Kumamoto, Japan). The cellular aggregates were dissociated by treating trypsin=EDTA solution for 30 min with shaking. After counting the cells with a hemacytometer, 300 mL of medium suspension including microspheres and a known number of cells was added to a 48-well plate and incubated with 30 mL of CCK solution for 2 h. After leaving the microspheres to settle at the bottom of the plate, 100 mL of the supernatant was transferred to a 96-well plate, and the optical density at 450 nm was measured using a microplate reader (Model 550; Biorad, Hercules, CA). Cell viability was calculated from the percentage of the number of viable cells obtained from the CCK assay by the total number of cells obtained using the hemacytometer, based on a calibration curve using standards of monolayer cultured 3T3 L1 cells.
The triglyceride contents of the differentiated cellular aggregates were measured using the Triglyceride Assay Kit (Zen-Bio, Research Triangle Park, NC). The cellular aggregates were dissociated by treating trypsin=EDTA solution for 30 min with shaking, and the cells were counted using a hemacytometer. Equal numbers of cells for each sample were subjected to the provided reagents according to the instructions, and the optical density was measured at 540 nm using a microplate reader. Triglyceride concentrations (mM) were obtained based on a glycerol standard that was also provided in the kit.
Reverse transcription-polymerase chain reaction
Expression of adipocyte-specific genes was examined by reverse transcription-polymerase chain reaction (RT-PCR) analysis. Total RNA was extracted from the cultured cellular aggregates, monolayer cultured 3T3-L1 cells (differentiated or undifferentiated), and NIH 3T3 cells (negative control) using the RNeasy Mini Kit (Qiagen, Hilden, Germany). Reverse transcription was performed using the Reverse Transcription System (Promega, Madison, WI) at thermal conditions of 428C for 60 min, 708C for 5 min. Amplification of the adipocyte-specific genes mouse lipoprotein lipase (LPL), mouse retinoid X receptor-a (RXR-a), mouse peroxisome proliferator activated receptor-g (PPAR-g), and the universal gene mammalian b-actin was carried out using primers provided by Genotech (Daejeon, Korea) and the polymerase nTaq tenuto (Enzynomics, Daejeon, Korea) at thermal cycling conditions of 1 cycle of 948C for 5 min, 30 
In vivo injection
To evaluate formation of adipose tissue in vivo, the cultured cellular aggregates were injected with a syringe, and the tissue formed at the site was histologically examined in mice. All animal experiments were performed based on the guidelines provided by the U.S. National Institute of Health. Mice were anesthetized, and the cellular aggregates were injected subcutaneously into the dorsal side of nude mice using a 1 mL syringe with an 18G needle. One batch of cellular aggregates (initial feed density of 2 mg porous or 20 mg nonporous microspheres and 2Â10 6 cells) that were cultured in adipogenic medium or control medium with microspheres (porous or nonporous) was used for two injections (each in 0.5 mL DMEM). For control, only cells (10 7 , differentiated or undifferentiated) or only microspheres (nonporous, 20 mg or porous, 2 mg) were also applied for injection. Four mice were included in each group.
Immunohistochemistry
At 4 weeks after injection, mice were sacrificed and the tissue formed by the injected cell aggregates was excised. The harvested tissue was fixed in 1% paraformaldehyde solution for 1 h and incubated in 5% (v=v) donkey serum in 0.3% (v=v) Triton X-100 solution for 1 h. The whole tissue specimen was treated with guinea pig antiperilipin (1:1000) for 6 h, Cy5-conjugated antiguinea pig antibody (1:500) for 4 h, 6.6 mM rhodamine-phalloidin, and 1 mg=mL BODIPY 493=503 for 1 h. The stained tissue sample was observed under a confocal microscope (LSM 510).
Results and Discussion
Anchorage-dependent cells often tend to self-associate spontaneously to form cellular aggregates even without using microcarriers and microspheres, especially when nonattachable surfaces (e.g., agarose-coated surface) are provided in serum-free condition. 24, 25 However, the resultant cell aggregates, produced mainly from cell-cell interactions, exhibited a broad range of size distribution and excessive contraction behaviors, resulting in unfavorable for controlled growth, differentiation, and in vivo injectability. It was hypothesized that porous biodegradable microspheres could serve as temporal cell adhesion seeds for the formation of more tunable cellular aggregates ideal for injectable cell therapy.
In this study, cellular aggregates were formed in vitro in a controlled manner and injected into mice for tissue reconstruction in vivo. Figure 1 depicts the overall experimental procedure. Porous PLGA microspheres, here served as biocompatible cell seeds for cell adhesion, were utilized to form 3T3 L1 preadipocyte cellular aggregates under gentle shaking conditions. For growth and 3D differentiation, the cellular aggregates were suspension cultured in a spinner flask with medium including adipogenic factors for 14 days. The differentiated cell=polymer constructs consisting of a few hundred micrometer-sized aggregates were transplanted into nude mice via an injectable route for adipose tissue formation. Porous PLGA microspheres played an important role in providing critical microenvironments favorable for cell growth and differentiation compared to nonporous PLGA microspheres. The highly porous internal structure made the cell aggregates far
FIG. 2. SEM images of the fabricated nonporous (A) and porous (B, C) microspheres.
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better suspended in the spinner flask reactor, mainly due to the much lower bulk density, than the nonporous ones. In addition, a topographically indented surface pore structure offered an advantageous opportunity for the adhered cells to comfortably reside on and reduce physical damage exerted by shear stress occurred during the suspension culture. Moreover, mass transport rates of oxygen, nutrients, and soluble differentiation factors to the cells buried inside the cell aggregates could be enhanced substantially because of a highly open porous and interconnected structure. Biodegradable porous PLGA microspheres were fabricated by a single oil-in-water emulsion-solvent evaporation process using Pluronic F127 as a leachable porogen, according to our previous report. 23 As a control, nonporous microspheres with similar sizes were also prepared. Figure 2 shows SEM images of porous and nonporous microspheres. Porous microspheres had a highly open-pore structure with an average size of 50.1 AE 8.2 mm and well-interconnected pores of 4.7 AE 1.0 mm. Nonporous microspheres had an average size of 47.6 AE 6.6 mm with no pores visible on the surface. The porous and nonporous microspheres had substantially different bulk densities: porous microspheres with porosity greater than 90% were approximately 10 times lighter than the nonporous ones.
The amounts of nonporous and porous microspheres used for the formation of cell aggregates were preoptimized so that approximately equal numbers of porous and nonporous microspheres were used for each culture. The suspension culture parameters, such as the number of microspheres, cell seeding density, medium volume, frequency of agitation,
FIG. 3.
In vitro culture of cellular aggregates for nonporous (non) and porous (por) microspheres after 2 days of preculture in a small volume of control medium followed by 0 day (upper two rows) and 14 days (bottom two rows) of culture in a large volume of adipogenic medium. Live (green) and dead (red) cells were stained with calcein and ethidium homodimer, respectively (left column-overall view, scale bars: 200 mm; right column-magnified view, scale bars: 100 mm). Color images available online at www.liebertonline.com=ten.
FIG. 4.
In vitro culture of cellular aggregates. (A) Viability of cells in aggregates cultured with control medium for nonporous (aggregate-control-non) and porous (aggregatecontrol-por) microspheres, with adipogenic medium for nonporous (aggregate-adipo-non) and porous (aggregateadipo-por) microspheres, and with adipogenic medium in monolayer culture (monolayer-adipo). (B) Size of aggregates during the culture period in adipogenic medium for nonporous (aggregate-adipo-non) and porous (aggregate-adipopor) microspheres. and incubation time, were predetermined to produce the most readily formed and uniform cellular aggregates. 3T3 L1 preadipocytes did not form any aggregates in the absence of porous and nonporous microspheres, while they did form aggregates in the presence of them. Although it is well known that certain types of cells in the absence of any attachable surface often tend to self-aggregate, no aggregates from 3T3 L1 cells were observed under the present culture conditions. For porous microspheres, cell aggregates with more controlled size distribution were readily formed, as compared to the nonporous microspheres. This was likely due to the unique structural characteristics of porous microspheres having interconnected microchannels, giving rise to very low bulk density with increasing the superior floating buoyancy under the shear-stress suspension culture condition. 19 The cellular aggregates formed from porous microspheres were far better suspended in the medium than those formed from nonporous microspheres.
For long-term cultivation and differentiation, the cell aggregates were first formed using a small-sized spinner flask (50 mL) with low shear for structural stabilization. This was because the initially produced cellular aggregates were loosely packed and easily dissociated upon exposure to highshear conditions. After the cells proliferated in an aggregate state to some extent in nondifferentiation medium, spherical and compact aggregates were produced. Next, the stabilized cellular aggregates were transferred into a large spinner flask (100 mL) with adipogenic medium and cultured for 14 days under high-shear conditions. Figure 3 shows confocal images of live and dead cells within the cellular aggregates at the
FIG. 5. Phenotypic expression of cellular aggregates. (A)
RT-PCR analysis and (B) triglyceride contents of aggregates cultured in control medium (aggregate, control, 14d) or adipogenic medium (aggregate, adipo, 14d) for 14 days with nonporous (non) and porous (por) microspheres, compared to monolayer cultured 3T3 L1 cells (monolayer, adipo) that were differentiated for 0 (0d), 7 (7d), and 14 (14d) days.
FIG. 6.
Three-dimensional confocal images for immunocytochemistry of cellular aggregates cultured in control medium (top two rows) and in adipogenic medium (bottom two rows) for nonporous (non) and porous (por) microspheres for 14 days. Aggregates were stained with antiperilipin (blue), BODIPY (green), and phalloidin (red) (scale bars: 50 mm). Color images available online at www .liebertonline.com=ten.
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beginning and end of culture in adipogenic differentiation conditions. Surprisingly, the porous microspheres exhibited much higher cell viability in the aggregate compared to the nonporous microspheres. Quantitative analysis of viable cells also showed that the cell aggregates from the porous microspheres had 88% viable cells, while those from the nonporous microspheres had only 66% (Fig. 4A) . The sizes of cell aggregates for both porous and nonporous microspheres increased with increasing the culture time (Fig. 4B) . At 14 days of culture, the porous microspheres produced more uniform cell aggregates with larger sizes (972 AE 39 mm) than the nonporous microspheres (713 AE 128 mm). The higher cell viability for the porous microspheres can be attributed to their superior buoyancy, making the cell aggregates suspended well in the medium to facilitate mass transports of essential nutrition components and oxygen under the shearstressed culture conditions. 19, 26, 27 On the other hand, cell aggregates prepared from the heavier nonporous microspheres had a tendency to settle down at the bottom of the spinner flask, even in the presence of high shear. This could rather cause collision of the cell aggregates to the vessel wall and damage the cells. Additionally, the indented surface of the porous microspheres provided a more favorable substratum for adhesion of the cells than the flat surface of nonporous microspheres, supporting survival and proliferation of the adhered cells. 28 Phenotypic expression levels of the differentiated preadipocytes into adipocytes within cultured cellular aggregates were also assessed. Figure 5A displays gene expression profiles of adipocyte-specific markers from the cellular aggregates prepared from the porous and nonporous microspheres, along with monolayer cultured cells as a control. As shown, 3D aggregate culture using porous microspheres in adipogenic medium resulted in the highest extent of expression of adipocyte-specific genes such as LPL, RXR-a, and PPAR-g, compared to monolayer culture. LPL is an enzyme that hydrolyzes lipids in lipoproteins, and RXR-a is a nuclear receptor involved in response to retinoids. PPAR-g is also a nuclear hormone receptor acting as a transcription factor that regulates the expression of various adipocyte-specific genes. It can be seen that the aggregate culture without adding any differentiation factors also showed some extent of adipogenesis. Figure 5B shows quantitative determination of triglyceride content. The highest amount of triglyceride was produced in the cell aggregates prepared from porous microspheres cultivated in adipogenic medium (36.5 AE 1.4 mM), about 57% higher than the nonporous microspheres (23.3 AE 3.2 mM), and *72% higher than the differentiated cells by monolayer culture (21.2 AE 0.5 mM) at day 14. Figure 6 shows the immunocytochemical staining results for perilipin, a specific protein for adipocytes that coats lipid droplets within the fat-storing cells. The lipid droplets themselves were stained with the fluorescent dye of BODIPY. The images showed that the aggregate culture resulted in higher deposition of lipid droplets and expression of perilipin, compared to the monolayer culture, with the porous microspheres being superior to the nonporous microspheres. The enhanced phenotypic expression for aggregate culture was due to the 3D cultivation conditions mimicking the physiological environment and the applied mechanical force by spinner culture. [29] [30] [31] Phenotypic expression for cell aggregates cultured in nondifferentiative conditions also suggests that 3D cell cultivation is an important factor for adipocyte differentiation. Because cell-cell interactions play a crucial role in   FIG. 7 . Gross views of in vivo-formed tissues 4 weeks after implantation of cellular aggregates for nonporous (aggregate-non) and porous (aggregate-por) microspheres, and monolayer cultured cells without microspheres (cell only) as control (scale bars: 2 mm). Color images available online at www.liebertonline .com=ten. differentiation processes, the 3D aggregate culture would maximize these interactions. 29 The more enhanced differentiation and the higher viability results, when using porous microspheres, can be attributed to their higher buoyancy, compatible surface morphologies, and water-filled porous channels. The porous microspheres with a suitable size distribution, pore volume, and surface pore diameter provided a favorable environment for the cells while permitting more easy access of the required soluble factors and exertion of shear force, resulting in their enhanced acquisition of cellular functions typical of adipocytes. 31 To examine the application potential of using the differentiated cellular aggregates for injectable therapy, the aggregates were implanted into mice for in vivo tissue regeneration. Before implantation, the cultured and differentiated aggregates would be regarded as injectable adipose tissues, which were assumed to be integrated to the host tissue within a few weeks. The aggregates could be successfully administered by injection through a syringe needle, without the need of a surgical procedure. The cultured cellular aggregates with sizes of up to 1 mm in diameter were collected into a concentrated suspension solution for injection. The cellular aggregates could pass through the 18G needle without eliciting a clogging problem in the needle during the injection. Figure 7 shows the gross views of the formed tissues 4 weeks after implantation. It shows that injection of aggregates resulted in formation of adipose tissues of significant sizes that were clearly visible from the outside, while the injection of cells only resulted in tissues lacking the sufficient volume. Immunohistochemistry of the   FIG. 8 . Immunohistochemistry of in vivo-formed tissues 4 weeks after implantation of cells only (top row) that were undifferentiated (control) and differentiated in monolayer for 14 days (adipo), cell aggregates cultured in control medium (middle row), and cell aggregates cultured in adipogenic medium (bottom row) for nonporous (non) and porous (por) microspheres. Whole tissues were stained with antiperilipin (blue), BODIPY (green), and phalloidin (red) (scale bars: 50 mm). Arrows point the microspheres appearing as black space within the tissue; arrowheads point the lipid droplets. Color images available online at www.liebertonline .com=ten.
excised tissues showed that injection of differentiated cells only in the form of aggregates resulted in tissues with fully differentiated adipocytes expressing the specific phenotypes for adipocytes as shown in Figure 8 (blue, perilipin; red, cytoskeletal components; green, lipid droplets). It can be seen that the adipose tissue formed from aggregates of the porous microspheres is stained more intensely for the surface protein perilipin and lipid droplets, compared to the nonporous microspheres. The enhanced in vivo regeneration of adipose tissue shown by the porous microspheres compared to the nonporous microspheres was likely due to superior in vitro cell viability and phenotype expression of adipocytes during the formation and culture of cell aggregates. It has been reported in many studies that cell implantation with the aid of microspheres as a bulking agent or aggregate system resulted in enhanced tissue regeneration, such as cartilage, fat, and dermis. 12, 13, 32 The observed in vivo results indicate that cell transplantation must be performed by the aid of suitable carrier materials, and the porous PLGA microspheres used in this study were shown to fulfill these requirements. Moreover, the current 3D cell aggregate culture technology would greatly improve the technical convenience during the cultivation and surgical procedure, as well as the clinical efficacies. Further studies using primary mesenchymal or embryonic stem cells should be performed to demonstrate its practical application potentials in regenerative cell therapy.
Conclusions
Injectable cellular aggregates were formed using porous PLGA microspheres as cell seeds for preadipocytes. The cellular aggregates were cultured by 3D spinner culture for differentiation of preadipocytes into adipocytes. The 3D aggregate culture using the porous microspheres enhanced the survival and differentiation of cells in vitro. The successful formation of adipose tissues was observed when the cellular aggregates were administered via injection in an animal model. The current 3D cell aggregates can be potentially applied for soft tissue augmentation and reconstruction.
